modeling and flux balance analysis of the lipid biosynthetic pathway. Key parameters of the models will be manipulated in order to predict optimal mechanisms by which higher levels of lipid production can be induced in vivo. As an initial step in pursuing these goals, we employ recently developed flux balance analysis models describing the full complement of metabolic processes in C. reinhardtii to identify metabolic pathways most relevant to lipid production.
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Simultaneous Calculation of Dynamical and Equilibrium Properties of Atomistic Systems using an Ensemble of Weighted Trajectories Daniel M. Zuckerman. University of Pittsburgh, Pittsburgh, PA, USA. Equilibrium can be represented as an ensemble of trajectories undergoing dynamics in which detailed balance is maintained. Here, we present results for a simulation protocol based on the ''weighted ensemble'' (WE) approach of Huber and Kim in which weak coupling between parallel simulations can capture both dynamical and equilibrium properties without statistical bias. The approach is demonstrated in two molecular systems: alanine di-peptide and chignolin, a 10 residue mini-protein. We present results for the mean first passage time between arbitrary states and demonstrate the rapid convergence towards equilibrium for chignolin in comparison to a brute force simulation. Importantly, the analysis of weighted ensemble trajectories does not require states to be defined in advance, and therefore permits the calculation of rates between arbitrary states selected after the simulation is run. We also describe a history-dependent Markov-like formulation to correct for a potentially significant bias in kinetic properties measured from equilibrium WE simulations. Circadian clocks are ubiquitous biological oscillators that coordinate behavior with the daily cycling of the environment. To ensure synchronization with the environment, the period of the clock must be maintained near 24 hours even as amplitude and phase are altered by input signaling. We show that in a reconstituted circadian system from cyanobacteria these conflicting requirements are satisfied by distinct functions for two domains of the central clock protein KaiC: the C-terminal autokinase domain integrates input signals via the ATP/ADP ratio, and the slow N-terminal ATPase acts as an inputindependent timer. We find that phosphorylation in the C-terminal domain followed by an ATPase cycle in the N-terminal domain is required to form the inhibitory KaiBKaiC complexes that drive the dynamics of the clock. We present a mathematical model in which this ATPase-mediated delay in negative feedback gives rise to a compensatory mechanism that allows a tunable phase and amplitude while ensuring a robust circadian period.
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Bidirectional Sorting of Self-Propelled Microswimmers in the Presence of Asymmetric Barriers Jeffrey Drocco, Charles Reichhardt, Cynthia Reichhardt. Los Alamos National Laboratory, Los Alamos, NM, USA. We numerically demonstrate bidirectional sorting of flocking particles interacting with an array of V-shaped gates. Each particle aligns with the average swimming direction of its neighbors according to the Vicsek flocking model and experiences additional steric interactions as well as repulsion from the fixed barriers. We show that particles preferentially localize to one side of the barrier array over time and that the direction of this rectification can be reversed by adjusting the particle-particle repulsion radius or the noise term in the equations of motion. These results provide a conceptual basis for isolation and sorting of single-cell and multicellular organisms that move collectively according to flocking-type interaction rules. We additionally present techniques for sorting independent swimmers moving on periodic substrates, including an eggcarton potential and an array of L-shaped barriers. University of Pittsburgh, Pittsburgh, PA, USA. Myosin motor proteins utilize chemical energy and apply mechanical force to actin filaments. We computationally model the emergent interactions of large populations of varied myosin molecules with actin. Two levels are considered: individual myosin molecules and a systems level. We found that heterogeneous systems with a distribution of two different isoforms have unique and sometimes superior performance in comparison to homogeneous systems. At the single molecule level, we derived a mathematical model based on the swinging lever arm theory for mapping molecular structures to mechanochemical behaviors. We explored the configurations of four myosin structures as inputs and when all parameters were perturbed individually, they each modulated emergent system behavior differently. At the systems level, the number and relative concentration of myosin isoforms is varied. The steady-state emergent response of the system (i.e. filament velocity, energy usage, and stability) is determined with respect to varied exogenous forces applied to a moving actin filament. System robustness (ability to operate under a number of different conditions) was examined, and we find that greater robustness requires higher energy usage and larger systems. When homogeneous and heterogeneous systems are compared, we find superior qualities present in heterogeneous systems. For instance, one heterogeneous system had decreased energy usage at lower velocities (i.e. greater performance) and a higher maximum stable system velocity than any possible homogeneous configuration. These results provide novel insights for why nature may favor molecularly heterogeneous systems. While myosin heterogeneity in muscles is beneficial because their relative concentrations may adapt over time, our findings suggest that the heterogeneity may also provide increased performance at a specific time. These findings inform the design of future myosin-based technologies, in addition to elucidating the complexity present in natural systems. While cancer has been one of the leading causes of human death, predicting and thwarting cancerous tumor development are challenging because of interacting multiscale processes coupled with emerging spatiotemporal patterns that lead to microenvironmental heterogeneity and further to infiltration tendency of tumors. Built upon decades of knowledge toward the biological processes involved in tumor progress, mathematical modeling and analysis have been employed to decipher key mechanisms underlying the sophisticated emerging phenomena in tumor growth observed experimentally and clinically. Among the efforts, we have recently developed a Cahn-Hilliard model of tumor growth at tissue scale, where the Cahn-Hilliard energy described cell aggregation and 496a Tuesday, February 5, 2013 
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